In the present article, fractional-order telegraph equations are solved by using the Laplace-Adomian decomposition method. The Caputo operator is used to define the fractional derivative. Series form solutions are obtained for fractional-order telegraph equations by using the proposed method. Some numerical examples are presented to understand the procedure of the Laplace-Adomian decomposition method. As the Laplace-Adomian decomposition procedure has shown the least volume of calculations and high rate of convergence compared to other analytical techniques, the Laplace-Adomian decomposition method is considered to be one of the best analytical techniques for solving fractional-order, non-linear partial differential equations-particularly the fractional-order telegraph equation.
Introduction
Fractional calculus has significant roles in different areas of applied mathematics, due to its various applications in the modeling of different physical phenomena in science and engineering. The most general concept of derivatives, D α ( f (x)), where α is a non-integer, has improved the early development of ordinary derivatives. In fact, in the development of fractional calculus, numerous scientists, such as Euler, Riemann Liouville, Leibniz, Bernoulli, L'Hospital, and Wallis have greatly contributed to this research area [1] . Further on, researchers have made greater contributions towards fractional calculus. Fractional calculus has many applications in different areas of applied science, such as damping visco-elasticity, biology, electronics, signal processing, genetics algorithms, robotic technology, traffic systems, telecommunication, chemistry, and physics, as well as economy and finance [2, 3] .
In view of the above applications, mathematicians have developed new techniques for solving different fractional differential equations (FDEs) in particular, fractional partial differential equations (FPDEs). For this connection, a modified Bernoulli equation function technique is presented for the solution of time-fractional Burger equations [4] . Investigations of non-linear FPDEs are suggested with initial and boundary conditions υ(x, 0) = ϕ 1 (x), υ t (x, 0) = ϕ 2 (x) υ(0, t) = ϕ 1 (t), υ x (0, t) = ϕ 2 (t) (2) Two-dimensional fractional-order telegraph equation is defined as
with initial and boundary conditions
Three-dimensional fractional-order telegraph equation is given by
The accuracy of the proposed method is compared with the solutions obtained by the Fractional Reduced Differential Transform Method (FRDTM) and homotopy analysis transform method (HATM). The comparisons show that the proposed method has a higher rate of convergence than FRDTM and HATM.
Definitions and Preliminary Concepts
In this unit, among the few definitions of fractional calculus presented in the article due to Riemann Liouville, Grunewald Letnikov, Caputo, the simple descriptions and introductions of the first folks are reconsidered, which we wish to use so as to further our education.
where Γ denotes the gamma function defined by,
Definition 2. The Caputo operator of order γ for a fractional derivative is given by the following mathematical expression for n ∈ N,
∂t γ , Hence, we require the subsequent properties given in the next Lemma.
Lemma 1.
If n − 1 < γ ≤ n with n ∈ N and g ∈ C t with t ≥ −1, then
, a, γ≥0.
In the current study, the Caputo operator is reasonable, as other fractional derivative operators have certain disadvantages. The following is further information about fractional derivatives. 
where s can be either real or complex.
Definition 4.
If h 1 and h 2 are two continuous functions and belong to real-space, then the Laplace transform in terms of convolution is given by
here h 1 * h 2 defines the convolution between h 1 and h 2 ,
The fractional derivative in terms of a Laplace transform is
where H(s) is the Laplace transform of h(x).
Definition 5. The Mittag-Leffler function E γ (p) for γ > 0 is defined by the following subsequent series.
Idea of Fractional Laplace-Adomian Decomposition Method
In this section, the Laplace-Adomian Decomposition Method is discussed for the solution of FPDEs.
where
∂t γ is the Caputo Operator γ, m ∈ N, L and N are linear and non-linear functions, and q is the source function.
The initial condition is
Applying the Laplace transform to Equation (1), we have
applying the fractional derivative property of the Laplace transform, we get
The ADM solution υ(x, t) is represented by the following infinite series
and the non-linear terms (if any) in the problem are defined by the infinite series of Adomian polynomials.
substituting Equations (5) and (6) into Equation (4), we get
Now using LADM, we have
Applying the inverse Laplace transform in Equation (9), we get
Results

Example 1.
Consider the following time-fractional linear telegraph equation [29] :
with initial condition
Taking the Laplace transform of Equation (11),
Applying the inverse Laplace transform
Using the ADM procedure, we get:
The subsequent terms are
,
The LADM solution for Example 1 is
... , where when γ = 1, then the LADM solution is
This result is calculated to the exact solution in a closed form:
In Figure 1 , the exact solution and LADM solution of Example 1 at γ = 1 is represented by Graphs (a) and (b), respectively. From the given graphs, it can be observed that both the exact solution and LADM solution are in strong agreement with each other. In Figures 2 and 3 , the LADM solution of Example 1 at γ = 0.75, 0.50 are represented by Graphs (a) and (b). 
Taking the Laplace transform of (17),
Applying the inverse Laplace transform:
The subsequent terms are:
The LADM solution for Example 4.2 is:
This result was calculated to the exact solution in a closed form:
In Figure 4 , the LADM solution of Example 2 at γ = 1, γ = 0.75 are represented by Graphs (a) and (b), respectively. From the given graphs, it can be observed that both the exact and LADM solutions are in strong agreement with each other. In Figure 5 , the LADM solution of Example 2 at γ = 0.75 is represented by graph (a) and error graph (b) at γ = 1, respectively. 
Taking the Laplace transform of (23),
Using the ADM procedure, we get
. (26) The LADM solution for Example 3 is
This result is calculated to the exact solution in a closed form;
In Figure 6 , the LADM solution of Example 3 at γ = 1, γ = 0.75 are represented by Graphs (a) and (b), respectively. From the given graphs it can be observed that both exact and LADM solutions are in strong agreement with each other. In Figure 7 the LADM solution of Example 3 at γ = 0.75 are represented by graph (a) and Error graph (b) at γ = 1, respectively. 
Taking the Laplace transform of Equation (28),
The LADM solution for Example 4 is
... ,
υ(x, y, t) = e x+y−3t
In Figure 8 , the exact and LADM solutions of Example 4 at γ = 1 are represented by Graphs (a) and (b), respectively. From the given graphs it can be observed that both exact and LADM solutions are in strong agreement with each other. In Figures 9 and 10 , the LADM solution of Example 4 at γ = 0.75, 0.50 is represented by graph (a), graph (b), and Error graph (a) at γ = 1, respectively. 
Taking the Laplace transform of Equation (34),
Using the ADM procedure, we get 
Conclusions
In this paper, the analytical solutions of telegraph equations and fractional partial differential equations were determined using LADM. The fractional derivatives were described by using the Caputo operator. For the LADM, solutions were obtained at fractional and integer orders for all problems. The results revealed the highest agreement with the exact solutions for the problems. For some numerical examples, the LADM solutions showed the validity of the proposed method. It is also showed that the fractional order solutions were convergent to the exact solution for the problems, as the fractional order approaches the integer order. The implementation of LADM to illustrative examples have also confirmed that the fractional-order mathematical model can be the best representation of any experimental data as compared to the integer-order model. Moreover, by taking different fractional orders, we were able to find a way to set suitable mathematical models for any experimental data, and thus find reasonable consequences. Hence, it is concluded that LADM is the best tool for the solution of FPDEs, as compared to ADM and DTM in the literature. LADM was found to provide the highest rate of convergence to the exact solution for the problems. In future, LADM can be used to find the analytical solution of other non-linear FPDEs, which are frequently used in science and engineering. LADM solutions for fractional-order problems will prove to give the best understanding of real-world problems presented by FPDEs. 
